In the paper using matching method in the probe limit, we investigate some properties of holographic superconductor in Gauss-Bonnet gravity with Born-Infeld electrodynamics . We discuss the effects of the Gauss-Bonnet coupling α and Born-Infeld parameter b on the critical temperature and condensate. We find that both of α and b make the critical temperature decrease, which implies the condensate harder to form. Moreover we study the magnetic effect on holographic superconductor and obtain that the ratio between the critical magnetic field and the square of the critical temperature increases from zero as the temperature is lowered below the critical value Tc, which agrees well with the former results. We also find the critical magnetic field is indeed affected by Gauss-Bonnet coupling, but not by Born-Infeld parameter.
Introduction
The gauge/gravity correspondence [1] - [3] , which is the most remarkable achievement in string theory, states that string theory in asymptotic anti de Sitter spcetimes can be dual to a conformal field theory on the boundary, which is a realization of holographic theorem. It provides a powerful tool to research strongly coupled field theory, such as quark confinement in QCD, cold atom system and high temperature superconductor in condensed matter physics.
A holographic model of superconductor in 2+1 dimensions was constructed in [4] , which gives that the gravitational duals to high temperature superconducting systems. The model consists of a black hole in an asymptotic AdS spacetimes coupled to a U (1) gauge field and a minimally coupled complex scalar field. Using the gauge/gravity duality, the U (1) gauge symmetry in the bulk correspond to global symmetry in the dual boundary conformal field theory. When the temperature T is below the critical value T c , the black hole will become unstable and grow scalar "hair", which corresponds to the condensing of the operator dual to the scalar field. The condensate breaks the U (1) gauge symmetry in the bulk spontaneously, giving a mass to the gauge field. On the boundary side this process corresponds to the non-trivial expectation value of the operator dual to scalar field, which is considered as a superconducting phase transition.
There are many works studying various holographic superconductor models [8] - [23] , for reviews see [5] [6] [7] , among which some effects such as high curvature corrections by changing the Einstein gravity to Gauss-Bonnet gravity, high electric-magnetic field terms by introducing Born-Infeld electrodynamics and external magnetic field etc have been discussed. The effect of high curvature corrections on the holographic superconductors in Gauss-Bonnet gravity has been analyzed numerically and analytically by Sturm-Liouville eigenvalue problem method [23] - [33] and by the matching method [9] [10]. They found that near the critical temperature, the critical exponent of the condensate is 1 2 , and as the Gauss-Bonnet coefficients grows, the critical temperature decreases, so it makes the condensate harder to form. The superconductors with Born-Infeld electrodynamics have been investigated in [21] [22] , in which they found that Born-Infeld parameter makes the condensate harder to form. There are some works about the effects of magnetic field on holographic superconductor in Einstein gravity [29] - [38] .
In [38] , the authors studied the effects of magnetic field on the holographic superconductor in presence of nonlinear corrections to the gauge field. They managed to obtain the critical exponent In spite of those works, there are some issues aren't yet to be explored. it was noticed that all the above analysis are most performed with the high curvature corrections or the high electric-magnetic field term corrections singly, questions that naturally arise are that what will happen if we involve simultaneously the high curvature corrections and the high electric-magnetic field term corrections, how will the two parameters α and b affect the behavior of holographic superconductor in the presence of an external magnetic field and whether there is correlation between two parameters α and b, In order to address the above mentioned issues, in this paper, we extended to investigate the holographic superconductor in Gauss-Bonnet gravity with Born-Infeld electrodynamics by using the analytic method in [9, 33, 38] . We find that both of the Born-Infeld parameter b and the Gauss-Bonnet coupling α make the critical temperature T c decrease, so the scalar condensate becomes harder. In the presence of an external magnetic field, we obtain that the critical magnetic field value increase as temperature is lowered below the critical temperature T c . In the region of T ∼ T c , the formula of critical magnetic field agrees well with the standard expression [39] .
The paper is organized as follows. In section 2, we will introduce the model of superconductor in the background (4+1) dimensional Gauss-Bonnet-AdS planar black hole with Born-Infeld electrodynamics in the probe limit by the matching method, and analyze the relations of the critical temperature T c , the Born-Infeld parameter b and the Gauss-Bonnet coupling α. In section 3, we will involve external magnetic filed into the model and study the effect of magnetic filed on holographic superconducting phase transition. Conclusions will be drawn in section 4.
Superconductor in Gauss-Bonnet gravity with Born-Infeld electrodynamics
In this section we consider the holographic superconductor in Gauss-Bonnet gravity with Born-Infeld electrodynamics following the method developed in [9] . The action of Gauss-Bonnet gravity in a 5-dimensional space-time can be written as
The Lagrangian density is
Here α is the Gauss-Bonnet coupling and b is the Born-Infeld parameter. For convenience, we set L = 1 in the later discussion. The gravity background solution for Gauss-Bonnet action is a planar black hole in the probe limit, which be described by the following metric
where
One can define an effective radius of the AdS spacetime by
The Hawking temperature of the black hole is given by
where r + is the horizon radius of the black hole. Taking a static ansatz,
The equations of motion for the complex scalar field ψ and the Maxwell field A µ are
and
We change the variable and set 9) so the equations of motion of ψ and φ become
where a prime denotes the derivative with respective to z .
We choose the mass of the scalar field to be
, which is above the BF bound. At the horizon (z = 1) for regularity , we take the bound conditions,
From (2.11) and (2.12), we obtain
In the asymptotic region (z → 0 ), the solutions behave as
Here, µ and ρ are interpreted as a chemical potential and charge density respectively. We choose ψ + = O and set ψ − = 0, because ψ − is non-renormalizable, which corresponds to sources. We expand both φ and ψ near the horizon of the black hole z = 1,
From the equations of motion (2.10) and (2.11), using the boundary conditions (2.12) and (2.13),
we obtain
Thus we obtain φ(z) and ψ(z) near z = 1 from (2.16) and (2.17)
where all calculations were done to the first order in the Born-Infeld parameter b.
In order to match these two sets of asymptotic solutions at some intermediate point z = z m , the following four equations must be satisfied [9] ,
r+ . From (2.23) we obtain
Using temperature formula (2.5), we have
where we have defined T c as,
For T ∼ T c , using (2.27) we have 
where we have normalized by the critical temperature to obtain a dimensionless quantity.
We find O ∝ 1 − T Tc near the critical temperature, so the critical exponent of the condensate is So the increasing of α and b both make the superconducting phase transition harder. In figure 3 and 4,
we have plotted the behavior of the condensate for different α and b. We find that the ratios between the condensate value and the cube of the critical temperature
become larger as the α or b increases.
These results agree with the conclusions [9, 22] . 
Magnetic field effect on holographic superconductor
In this section we study the effect of an external static magnetic field on the superconductor. According to the dictionary of the gauge/gravity duality, magnetic field on the boundary is the asymptotic value of the magnetic field in the bulk, B(x) = F xy (x, z → 0). We take the ansatz, where we take a constant magnetic field B for convenience. The equation of motion for the scalar ψ is
From [30] we know that this is a eigenvalues equation,
where λ n = 2n + 1 , n for integer. We take n = 0
At the horizon (z = 1), for regularity we take From (3.5) we obtain
We expand R(z) near the horizon of the black hole (z = 1)
So near the horizon z → 1, we have
In the asymptotic region(z → 0), the solution behaves as
We set R + = O and R − = 0 . To match these two sets of asymptotic solutions at an intermediate point z = z m , we require the following equations:
From above equations, we obtain
which has a solution B r 2
When B ∼ B c , ψ ∼ 0, so equation of motion for φ from (2.10) is
There is an approximate solution upto the first order of Born-Infeld parameter b, which match the boundary condition for φ at z → 0 and at z → 1,
where ρ is charge density. So
which agrees with the parabolic law
It is noticed that the ratio between the upper magnetic field and the square of critical temperature is independent of the Born-Infeld parameter in the T ∼ T c . We show the result (3.22) in Figure 5 .
From Figure 5 , we see the critical magnetic fields is zero at T = T c and increase as the temperature decreases below the critical value T c , which is in agreement with [39] . In the region T ∼ T c , the result is credible, but as T → 0, B c is divergent which is incredible because the back reactions isn't ignored.
The critical magnetic field becomes larger as the Gauss-Bonnet coupling increases, this means that the Gauss-Bonnet coupling makes diamagnetic ability stronger, which makes the phase transition of superconductor harder to happen. 
Conclusion
In this paper we have investigated the holographic superconductor in Gauss-Bonnet gravity with BornInfeld electrodynamics in an external magnetic field by using the matching method developed in [9] .
We found that the Gauss-Bonnet coupling α and the Born-Infeld parameter b both make the critical temperature T c decrease. we also found that the exponent of condensates of the operator is .We obtain that the critical magnetic field value increases as temperature is lowered below the critical temperature T c . In spite of the divergence of the magnetic field as T → 0 , the result for T ∼ T c agrees well with the known expression for the upper critical field strength [39] . The ratio Bc T 2 c between the critical magnetic field and the square of the critical temperature increases as the Gauss-Bonnet coupling α grows bigger.
